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Acidic treatment method for hydrophilicity of hydrophobic carbon surface
Chisato Sakamoto
Biofuel cells convert chemical energy into electrical energy and provide several advantages over 
traditional batteries, including low-cost operation, environmental friendly energy, and potential for 
miniaturization. These advantages have led to the application of biofuel cells in medical equipment 
and household batteries. Biofuel cells, however, a low current density compared with conventional 
fuel cells, and it is therefore important to development of electrode material with high speciÀ c surface 
area.
In this study, the authors have focused on the carbon cloth that has high conductivity and high 
speciÀ c surface area. By using carbon cloth as an electrode material, it is expected that high output 
will be provided due to its high speciÀ c surface area to mass ratio. However, although carbon clothes 
are extremely hydrophilic materials, many biological molecules are highly reactive in water, making it 
difÀ cult to conjugate these materials effectively. Considering this background, the excellent property 
of carbon cloth could be most exploited for their use as electrode by hydrophilic treatment. To date, 
there have been several pioneering studies reported on surface modiÀ cation with various techniques. 
Oxygen plasma irradiation is a common technique for hydrophilic surface, but the procedure requires 
expensive equipment that is costly to maintain.
In this study, we here propose and describe the method for hydrophilic treatment onto the 
carbon cloth surface by acid treatment.
This approach could help to overcome the limitation described above, and be used in the 
development of novel biodevices to surpass the performance of conventional devices.
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ɖ໤ৗࢥڠش
ࣖளࡥ೰اΨͼ΂ΟΨͼΑ͉͂Ȅഩޭષࣖͅளͬࡥ೰ا
̱Ȅܖৗ͂ഩޭષ͈ࣖளͬ฽؊̵̯̭ͥ͂́୆̲ͥഩঊͬ
၌ဥ̳ͥ΀ΥσΆȜளঊ̜́ͥȅ̱̥̱ࣖள฽؊́୆̲ͥ
ഩঊ͉Ȅ๷ၾ̜̹́ͥ͛Ȅ࠿౶̳̭͉ͥ͂ယօ͉̞́̈́ȅ
̷ུ̭́ࡄݪ͉́Ȅ୆ఘ฽؊̥ͣ୆̲ͥ๷ၾ̈́ഩၠၾͬ࠿
౶̳̹ͥ͛ȄΟΨͼΑ͈ഩޭ໐ऺၳ̱͂̀൵ഩ଻̦̩ࣞȄ
̥̾๤ນ࿂ୟ͈ࢩ̞΃Ȝδϋ·υΑȪńŢųţŰůġńŭŰŵũȈո
ĳķ ໛֔ࢥުࣞ൝୺࿝ڠࢷȁࡄݪܮါȁুடشڠȆࢥڠȁల Ķı࣢ȁĳıĲķ
ئ ńń͂ၞȫͅ಍࿒̱̹ȅ
̱̥̱ńńນ࿂͉Ȅமକ଻̜̹́ͥ͛Ȅࣖளࡥ೰اΨͼ
΂ΟΨͼΑ̱͂̀؊ဥ̳ͥાࣣȄࣖளࡥ೰اဣס͞ܖৗ܄
ခ۱઩ס൝͒૫೘̳ͥຈါ̦̜ͤȄ৾ͤե̞̦ࣾඳ̜́
ͥḙ̷ུ̏́ࡄݪ͉́Ȅńń͈૶କاੜၑ࣐̠ͬম̱̹͂ȅ
΃Ȝδϋऺၳͅచ̱Ȅ૶କ଻ͬັဓ̵̯ͥ਀༹̱͂̀Ȅ
ॸளίρΒζ İŖŗธႺ༹ˍȫ͞૶କ଻΋ȜΞͻϋΈ༹ˎȫ̈́
̦̜̦̓ͥȄͤ͢۰օͅհث̧༹༷̱́ͥ͂̀ͅȄઝॸ
͞ၤॸͬဥ̞̹ॸੜၑ༹ˏȫȄːȫȄˑȫͅ಍࿒̱̹ȅུࣂ͉́Ȅ
ઝॸ͂ၤॸͬईࣣ̱̹ॸईࣣסͥ͢ͅńń͈૶କا฽؊ૄ
࠯ͬ࠿൦̱̹ࠫضͬ༭̳࣬ͥȅ
２．実験
２・１　CCの酸処理法の検討
ॸੜၑ͉Ȅ΃Ȝδϋ·υΑȪ൐ဢΞ·Σ΃২ȫͬॸईࣣ
סͅ૫೘̵̯̭࣐̹ͥ͂́̽ȅෛၤॸȪŘŢŬŰȫ͂ෛઝॸ
ȪŘŢŬŰȫͬˏȇˍ́ईࣣ̱̹ॸईࣣסಎͅ ĲŤŮڙ̱̹͂
ńńͬഞح̱ȄγΛΠΑΗȜρȜͤ͢ͅح෎Ȅᒴᑾ࣐̞ͬ
฽؊̵̯̹ȅ̷͈ࢃȄ૊ၣକ́஄૆Ȅˍ ඾ոષۋ௓̵̯̹ȅ
ུࡄݪ͉́Ȅષܱੜၑ༹༷̤̞̀ͅȄ฽؊௸ഽ࢜ષͬ࿒
ঐ̱Ȅ฽؊௸ഽ৆ͅ۾ဓ̳ͥॸෛഽȄॸੜၑأഽȄॸ૫೘
শۼ͈ˏ͈̾฽؊ૄ࠯̞̾̀ͅ࠿൦࣐̹ͬ̽ȅ
２・１・１　酸濃度
أഽͬ ĶıɎȄ฽؊শۼͬˍশۼ͂ࡥ೰̱Ȅၤॸ̤͍͢
ઝॸ͈ෛഽͬ ĲŏȄĲȅĺŏȄĳŏ̱͂Ȅडഐૄ࠯ͬ࠿൦̱̹ȅ
２・１・２　酸処理温度
ષܱडഐॸෛഽȄ฽؊শۼͬˍশۼ͂ࡥ೰̱Ȅॸੜၑأ
ഽͬ ĵıɎȄĶıɎȄķıɎȄĸıɎ́डഐૄ࠯ͬ࠿൦̱̹ȅ
２・１・３　酸浸漬時間
ષܱडഐॸෛഽȄडഐॸੜၑأഽ́ࡥ೰̱Ȅॸ૫೘শۼ
ͬ Ĳı໦Ȅĳı ໦ȄĴı ໦Ȅĵı ໦ȄĶı ໦Ȅķı ໦́डഐૄ࠯
ͬ࠿൦̱̹ȅ
２・２　水接触角による親水評価
૶କاੜၑ࣐̹ͬ̽ńń͉Ȅକ୪૘ڙͤ͢ͅȄ૶କບث
࣐̹ͬ̽ȅ
૶କاੜၑஜࢃ͈ ńńષˑώਫ਼Ȫঅߛ͂ಎ؇໐ȫͅ Ђˑ̈
͈କ഍ͬ഍ئ̱Ȅْ௨̱ܱ͂̀჏̱̹ȅܱ჏ْ̱̹௨ͬဥ
̞̀କ഍͂ ńń͈କ୪૘ڙͬϾ İĳ ༹Ȫ଎ˍȫͤ͢ͅॳ੄
̱̹ȅڎńń͈କ୪૘ڙ͉Ȅ̷͈ńń͈ˑώਫ਼ͅ؃̫ͥକ
୪૘ڙ͈໹޳ͬဥ̞ͥȅ
Ͼ İĳ ༹͉Ȅକ഍͂΃ȜδϋέυΑ̦୪̱̞̀ͥˎതͬ
͍ࠫȄ̷͈ಎ؇ͅ଒஌̩̭ͬ֨͂́କ഍͈ೀതͬݥ͛ͥȅ
ষͅକ഍͈ೀത͂କ഍͂ńń͈୪തͬࠫ͐஌̧ͬ֨Ȅ̷͈
ڙഽͬݥ͛ͥȅષܱ͈೒ͤݥ̹͛ڙഽ͈ˎ෼൝౵̦୪૘ڙ
̜́ͥȅ
３．　結果と考察
଎ˎͅڎॸෛഽͅచ̳ͥକ୪૘ڙ་اͬা̳ȅॸੜၑأ
ഽͬ ĶıɎȄॸ૫೘শۼͬˍশۼ͂ࡥ೰̱Ȅॸෛഽͬ ĲŏȄĲȅ
ĺŏȄĳŏ͂་ا̵̯̹ȅ̷͈ࠫضĲŏ͂Ĳȅĺŏͅ؃̞͉̀Ȅ
କ୪૘ڙͅ་ا͉̩̈́Ȅமକ଻ນ࿂ͬ༗঵̱̞̹̀ȅ༷֚
ĳŏ͉́Ȅକ୪૘ڙ̦ˌഽ͂̈́ͤȄ૶କ଻̹͂̈́̽ȅ
ষͅॸੜၑ࣐̠ͬष͈डഐأഽ͈࠿൦࣐̹ͬ̽ȅॸੜၑ
͈ॸෛഽͬષܱ͈डഐෛഽ̜́ͥ ĳŏ́Ȅॸ૫೘শۼͬˍ
শۼ̱͂Ȅॸੜၑأഽͬ ĵıɎȄĶıɎȄķıɎȄĸıɎ͂་ا
̵̯Ȅडഐૄ࠯ͬ࠿൦̱̹ȅ̷͈ࠫضͬ଎ˏͅা̳ȅॸੜ
ၑأഽ ĵıɎ͂ ĸıɎ͉́Ȅமକ଻ນ࿂ͬ༗঵̱̞̹̀ȅ֚
༷ ĶıɎ͂ ķıɎ͉́஼༷̤̞̀ͅକ୪૘ڙ̦ˌഽ͂̈́ͤȄ
૶କ଻ນ࿂̹͂̈́̽ȅĸıɎ͈ࠫض̞͉̾̀ͅȄ฽؊௸ഽ
აͅ۾ဓ̱̞̞̭̦̀̈́͂াऐ̯ͦͥȅōŦġŘŢůŨ ͉ͣȄ
΃Ȝδϋ΢ΦΙνȜήȪոئȄńŏŕ͂ၞȫນ࿂̦ઝॸͅ
૫೘̵̯ͥশۼͅջం̱̀Ȅ໤ၑഎఅੱͬ୆̲ͥমͬږ෇
̱̹ːȫḙ͈̏ࠫضͤ͢Ȅॸੜၑأഽ ĸıɎ͈ાࣣȄńńນ࿂
図１．θ /2法による水接触角の測定方法
ĳĸΨͼ΂ΟΨͼΑܖโͅ؊ဥخෝ̈́΃Ȝδϋ·υΑ͈૶କا༹͈ږၛ
ͅ๷ळ̈́໤ၑഎఅੱ̦̜ͤȄ૶କ଻ͬஷٺ̱̞̀ͥخෝ଻
̦̜ͥ͂ࣉख़̳ͥȅոષ͈ࠫض̥ͣॸੜၑأഽ͉ȄĶıɎ
̤͍͢ ķıɎັ߃̀ͅड࢘͜ၚ͈ၻ̞฽؊أഽ̭̈́ͥ͂ͅ
̦াऐ̯̹ͦȅུ৘ࡑ͉́Ȅ৘ࡑௌै͈ယօ଻Ȇհ஠଻ͬ
ࣉၪ̱ȄĶıɎͬडഐأഽ̱̹͂ȅġ
डࢃͅडഐ̈́ॸ૫೘শۼ͈࠿൦࣐̹ͬ̽ȅॸੜၑ͈ॸෛ
ഽ̤͍͢ॸੜၑশۼ͉ષܱ͈डഐତ౵̀ͅࡥ೰̱Ȅॸ૫೘
শۼͬ Ĳı໦Ȅĳı ໦ȄĴı ໦Ȅĵı ໦ȄĶı ໦Ȅķı ໦͂་ا
̵̯Ȅडഐૄ࠯͈࠿൦࣐̹ͬ̽ȅ̷͈ࠫضͬ଎ːͅা̳ȅġ
ॸ૫೘শۼ̦ Ĳı໦̧͈͂Ȅੜၑஜ͂๤ڛ̳ͥ͂ڙഽ೩
ئ̦ࡉ͈͈ͣͦͥ͜Ȅமକેఠͬ༗঵̱̞̹̀ȅॸ૫൫শ
ۼ̦ ĳı ໦ȄĴı ໦Ȅĵı ໦ȄĶı ໦Ȅķı ໦̤̞̀ͅȄକ୪
૘ڙ̦ˌഽ͂̈́ͤȄ૶କഎેఠ̹͂̈́̽ȅ৘ࡑௌै͈ယօ
଻Ȇհ஠଻ͬࣉၪ̱Ȅॸ૫೘শۼ͉Ȅĳı ໦ͬडഐশۼ͂
̱̹ȅ
ոષͤ͢ͅȄॸੜၑ͈डഐૄ࠯͉Ȅॸෛഽ ĳŏȄॸੜၑ
أഽ ĶıɎȄॸ૫೘শۼ ĳı ໦͂ࠨ೰̱̹ȅ଎ˑ͉Ȅུࡄ
ݪ̀ͅږၛ̱̹डഐૄ࠯ͬဥ̞̀Ȅॸੜၑ࣐̹ͬ̽ńńນ
࿂ͅ഍ئ̱̹କ഍ْ͈௨̜́ͥȅུ༹༷́Ȅယօ̥̾ͅ๤
ڛഎհ஠ͅńńນ࿂͈૶କੜၑ࣐̠̭̦ͬ͂خෝ͂̈́ͥȅ
４．結論
ུࡄݪ͉́Ȅࣖளࡥ೰اΨͼ΂ΟΨͼΑ͈ഩޭऺၳ̱͂
̀ńńͅ಍࿒̱̹ȅࣖளࡥ೰اΨͼ΂ΟΨͼΑ͉Ȅࣖளࡥ
೰اဣס͞ܖৗ฽؊۱઩ס̈́̓କဣסಎͅ૫೘̳ͥຈါ
̦̜ͥȅńń͉Ȅ̞ࣞமକ଻ͬা̱Ȅ૫೘̦ࣾඳ̹͂̈́ͥ͛Ȅ
ུࣂ͉́Ȅńń͈૶କاͬ࿒ঐ̱Ȅॸੜၑૄ࠯͈࠿൦ࠫض
ͬ༭̱̹࣬ȅ
৘ࡑ͈ࠫضȄઝॸ͂ၤॸ͈ෛഽȄॸੜၑأഽȄॸ૫೘শ
ۼ͈डഐૄ࠯ͬࡉ੄̱̹ȅࣽٝॸੜၑ͉ͅȄઝॸ͂ၤॸ͈
ईࣣॸͬဥ̞̹ȅౢள͉Ȅઝॸಎͅ૫೘̳̭ͥ͂́ॸا̱Ȅ
ౢளນ࿂ͅକॸܖ̤͍͢࢐۟଻΃Ι΂ϋ̦୆̲̭̦ͥ͂
༭̯̞࣬ͦ̀ͥˏȫȄ˒ ȫȅུࡄݪ͉́Ȅ฽؊௸ഽ࢜ષͬ࿒ঐ̱Ȅ
ઝॸͅح̢ၤॸͬईࣣ̱̹ḙ͉̏ͦȄၤॸ͈ॸ૘෾ෝ͢ͅ
ͥ฽؊௸ഽ࢜ષͬ஬̹͈̜̽́ͥ͜ȅ
༭̯̞࣬ͦ̀ͥॸੜၑ༹ˏȫȡˑȫ͉́Ȅ฽؊শۼͅ Ĵı ໦
̥ͣ ĳĵ শۼͬຈါ̳͂ͥȅ̱̥̱͈ࣽٝ৘ࡑ͉́Ȅॸੜ
ၑ฽؊শۼ͉ ĳı໦͂̈́ͤȄၤॸͬح̢ͥম́૘෾ෝ͢ͅ
ͤȄ฽؊௸ഽ̦࢜ષ̱̹͂ࣉख़̳ͥȅུ༹༷ͤ͢ͅȄńń
図２．水接触角の酸濃度依存性評価
図４．水接触角の酸浸漬時間依存性評価
図５．最適条件にて酸処理を行った
CC表面に滴下した水滴画像性評価
ĳĹ ໛֔ࢥުࣞ൝୺࿝ڠࢷȁࡄݪܮါȁুடشڠȆࢥڠȁల Ķı࣢ȁĳıĲķ
ͬယօͅȄհثͅȄږ৘ͅ૶କੜၑ࣐̠ͬম̦خෝ͂̈́ͤȄ
̯ͣͅΨͼ΂ΟΨͼΑࡄݪ͉̲̱̹ͬ͛͂କဣסͬఉ̩
ဥ̞ͥΨͼ΂ࠏࡄݪͅ؊ဥخෝ̈́ͥ͂ͅাऐ̯̭ͦͥ͂
̥ͣȄΨͼ΂۾Ⴒࡄݪ͈ࢵ̈́ͥอജ࣓ͅࡃخෝ̭͂̈́ͥ͂
̦াऐ̧́ͥȅ
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